TITLE OF THE INVENTION 

Semiconductor Memory Device with Common I/O T5T)e Circuit 
Configuration Achieving Write Before Sense Operation 
BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention generally relates to a semiconductor memory 
device. More particularly, the present invention relates to a semiconductor 
memory device of common I/O type using I/O lines for reading and writing 
data in common. 

10 Description of the Background Art 

A DRAM (Dynamic Random Access Memory), one of the typical 
semiconductor memory devices, is utOized in a variety of systems as a 
storage device sviitable for a high integration and a mass storage in a 
semiconductor device. 

15 Data writing in a DRAM is generally performed in the following four 

operations. The first is a sense operation in which a sHght voltage 
difference appearing at a pair of bit Hnes in accordance with data stored in a 
memory ceU is amplified by a sense amplifier to a great extent. The second 
is a write operation in which a pair of bit Hnes connected to a memory cell to 

20 which data is to be written are connected to a pair of I/O hnes and write data 
on the pair of I/O lines is written to the pair of bit lines. The third is a 
restore operation in which storage data of a non-selected cell once corrupted 
in response to activation of a word line and the above written data are 
written back to an original memory cell. The fourth is an equalize 

25 operation in which potentials of the pair of bit lines are initialized. Data 
writing is performed by a series of the above four operations. The series of 
operations is generally referred to as a "Read modify Write operation." 

In this "Read modify Write operation," after the sense amplifier is 
activated in response to receiving a sense amplifier activation signal and the 

30 shght voltage difference on the pair of bit hnes is amplified to a sufficiently 
large voltage difference by the sense amplifier, a column selection signal is 
activated and the pair of bit Hnes are electrically connected to the pair of I/O 
hnes, whereby data is written from the pair of I/O Hnes to the pair of bit 
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lines. 

In contrast, a "Write before Sense operation" is also known in which 
a column selection signal is activated without waiting for a voltage 
amplification by a sense amplifier so that a high-speed operation is realized. 
5 As a circuit configuration realizing this "Write before Sense operation," a 

DRAM of separate I/O type is generally known in which pairs of I/O Hnes for 
reading and writing data are separately provided. In this separate I/O type 
DRAM, the column selection signal can be activated at the same time as or 
before activation of the sense amplifier activation signal. Accordingly, the 

10 above-described sense operation and write operation can be performed at the 
same time. Therefore, an operation of the separate I/O type DRAM 
employing the "Write before Sense operation" is faster than that of the 
common I/O type DRAM emplosdng the "Read modify Write operation." 
In the separate I/O type DRAM, however, a pair of bit lines are 

15 connected to pairs of I/O Hnes for reading data and for writing data. 

Therefore, two connection gates are required for each pair of bit hnes. 
Accordingly, a problem arises that elements required for the separate I/O 
type DRAM are greater in number than those required for the common I/O 
type DRAM. A further problem is that a circuit area of the separate I/O 

20 type DRAM is larger than that of the common I/O type DRAM. 

To address the above problems, Japanese Patent Laying-Open No. 
6-60657 discloses the following DRAM. In this DRAM, a configuration of 
I/O lines is of an I/O common type. In a connection gate circmt connecting a 
pair of bit lines to a pair of I/O lines, a separate I/O t5^e circuit configuration 

25 is employed for data reading, while for data writing a gate transistor 
receiving a write control signal at its gate is provided between a gate 
transistor for reading data and the pair of bit lines. This enables a 
decrease in number of pair of I/O lines and elements, downsizing of a chip, 
and a cost reduction while taking advantage of the characteristic of the 

30 separate I/O type DRAM. 

Through emplo5anent of a separate I/O type circuit configuration for 
achieving a high-speed operation of a DRAM, a circuit area is increased as 
described above. In contrast, a conventional common I/O type DRAM can 
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reduce a circuit area in comparison with the separate I/O type DRAM. The 
common I/O type DRAM, however, cannot realize the "Write before Sense 
operation." In the following, description wiQ be given about a problem that 
arises when the "Write before Sense operation" is performed in the 
5 conventional common I/O type DRAM. 

If a column selection signal is activated before activation of a sense 
amplifier activation signal in data writing in the common I/O type DRAM, 
voltages of a pair of bit Unes connected to a pair of I/O lines (also referred to 
as a "pair of selected bit lines" hereinafter) swing to the fuU extent. As a 

10 result, a bit line adjacent to the pair of selected bit Hues may suffer coupUng 
due to the fuU voltage swing at the pair of selected bit lines, and the DRAM 
may fail to operate properly. 

That is, when a word hne is activated, data stored in memory cells 
connected to the word Hne is read on a corresponding pair of bit lines as a 

15 shght voltage change, regardless of whether or not the memory cell is 

selected. When the pair of selected bit hues is connected to the pair of I/O 
hues prior to the activation of the sense amplifier and a voltage of the pair of 
selected bit lines changes in accordance with a voltage appearing at the pair 
of I/O lines in accordance with write data, a voltage of an adjacent bit line 

20 that has not yet been amplified by the sense amplifier is affected by coupling 
from the pair of selected bit lines. As a result, a content of storage data of 
the adjacent bit hne affected by the coupling may be inverted. 

The DRAM disclosed in Japanese Patent Laying-Open No. 6-60657 
described above takes advantage of the characteristic of the separate I/O 

25 type DRAM, and also employs the common I/O type circuit configuration, 

thereby enabling a reduction in circuit area. In writing data, however, the 
column selection signal and the write control signal are not activated before 
the sense amplifier is activated and the voltage on the pair of bit Hues is 
sufficiently amplified. If the column selection signal and the write control 

30 signal are activated before the activation of the sense amplifier, a problem of 
the above-described coupling arises. In other words, the "Write before 
Sense operation" can not be realized in this DRAM. 
SUMMARY OF THE INVENTION 
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The present invention is made to solve the above described problems. 
An object of the present invention is to provide a semiconductor memory 
device realizing a "Write before Sense operation" in a common I/O type 
circuit configuration. 
5 A semiconductor memory device in accordance with the present 

invention includes a memory cell storing data, a pair of bit lines connected to 
the memory cell, a sense amplifier provided corresponding to the pair of bit 
lines and activated in response to a sense amplifier activation signal, a pair 
of I/O lines transmitting the data input to and/or output firom the memory 
10 cell via the pair of bit Unes, and a connection gate circuit provided between 
the pair of bit Hnes and the pair of I/O fines and electrically connecting the 
pair of bit lines to the pair of I/O fines when the sense amplifier activation 
signal and a column selection signal selecting the pair of bit fines are 
activated. 

15 Therefore, in accordance with the present invention, the column 

selection signal and the sense amplifier activation signal are utifized for 
activation of the connection gate circuit. The connection gate circuit is not 
turned on without activation of both the column selection signal and the 
sense amplifier activation signal. Accordingly, a pair of bit fines BL and 

20 /BL and a pair of global 10 fines GIO and /GIO are not connected to each 
other prior to activation of the sense amplifier. As a result, a problem of 
coupfing can be eliminated. 

In accordance with the present invention as described above, the 
"Write before Sense operation" can be achieved in the common I/O type 

25 circmt, and a semiconductor memory device with a smaU circuit area 
operating at high speed can be reafized. 

The foregoing and other objects, features, aspects and advantages of 
the present invention wiU become more apparent from the following detailed 
description of the present invention when taken in conjunction with the 

30 accompanjdng drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic block diagram showing an overall configuration 
of a semiconductor memory device in accordance with a first embodiment of 
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the present invention. 

Fig. 2 is a circuit diagram showing a configuration of a memory 
array shown in Fig. 1. 

Fig. 3 is a circuit diagram showing a sense amplifier and its 
5 periphery of the semiconductor memory device in accordance with the first 
embodiment. 

Fig. 4 is an operational waveform diagram representing a read 
operation of the circuit shown in Fig. 3. 

Fig. 5 is an operational waveform diagram representing a write 
10 operation of the circuit shown in Fig. 3. 

Fig. 6 is an operational waveform diagram in a case where a column 
selection signal is activated after activation of a sense amplifier in the write 
operation of the circuit shown in Fig. 3. 

Fig. 7 is a circuit diagram showing the sense amplifier and its 
15 periphery in a case where a connection gate circuit in Fig. 3 has an equalize 
function. 

Fig, 8 is a circuit diagram showing a sense amplifier and its 
periphery of a semiconductor memory device in accordance with a second 
embodiment of the present invention. 
20 Fig. 9 is a circuit diagram showing the sense amplifier and its 

periphery in a case where a gate connection circuit in Fig. 8 has an equalize 
function. 

Fig. 10 is a circuit diagram showing a sense amplifier and its 
periphery in a case where a transistor having its gate receiving a sense 
25 amplifier activation signal is shared by a plurality of connection gate 
circuits. 

Fig. 1 1 is a plan view schematically showing a two-dimensional 
configuration of the circuit shown in Fig. 10. 

Fig. 12 is a circuit diagram showing a sense amplifier and its 
30 periphery of a semiconductor memory device in accordance with a third 
embodiment of the present invention. 

Fig. 13 is a circuit diagram in a case where a connection gate circuit 
in Fig. 12 has a write mask function. 
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Fig. 14 is a plan view schematically showing a two-dimensional 
configuration of a memory array in which the circuit in Fig. 13 is provided. 

Fig. 15 is a circuit diagram showing a sense amplifier and its 
periphery in a case where the connection gate circuit in Fig. 13 has an 
5 equalize fiinction. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following, embodiments of the present invention will be 
described in detail with reference to the drawings. The same reference 
numerals will be assigned to the same or the corresponding portions in the 
10 drawings, and description thereof wiU not be repeated. 

First Embodiment 

With reference to Fig. 1, a semiconductor memory device 10 in 
accordance with a first embodiment of the present invention includes control 
signal terminals 12, clock terminals 14, address terminals 16, and data 

15 input/output terminals 18. In addition, semiconductor memory device 10 
includes a control signal bxiffer 20, a clock buffer 22, an address buffer 24, 
and an input/output buffer 26. Semiconductor memory device 10 further 
includes a control circuit 28, a row address decoder 30, a column address 
decoder 32, and a memory array 34. 

20 Control signal terminals 12 receive command control signals of a 

chip select signal /CS, a row address strobe signal /RAS, a column address 
strobe signal /CAS, and a write enable signal /WE. Clock terminals 14 
receive an external dock CLK and a dock enable signal CKE. Address 
terminals 16 receive address signals AO to An (n is a natural number). 

25 In response to receiving external dock CLK, dock buffer 22 

generates an internal dock. Then, dock buffer 22 outputs the internal 
dock to control signal buffer 20, address buffer 24, input/output buffer 26, 
and control circuit 28. In response to the internal clock received from clock 
buffer 22, control signal buffer 20 takes in and latches chip select signal /CS, 

30 row address strobe signal /RAS, column address strobe signal /CAS, and 
write enable signal /WE to be output to control circuit 28. In response to 
the internal clock received from clock buffer 22, address buffer 24 takes in 
and latches address signals AO to An, and generates an internal address 
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signal to be output to row address decoder 30 and column address decoder 
32. 

Data input/output terminals 18 exchange data written to and/or 
read from semiconductor memory device 10 with an external source. In 
5 data writing, data input/output terminals 18 receive externally input data 
DQO to DQi (i is a natural number). In data reading, data input/output 
terminals 18 externally output data DQO to DQi. 

In data writing, input/output bviffer 26 takes in and latches data 
DQO to DQi in response to the internal dock received from clock buffer 22. 

10 Then, input/output buffer 26 outputs internal data IDQ via a pair of I/O 

Unes to memory array 34. In data reading, input/output buffer 26 outputs 
internal data IDQ received from memory array 34 via the above-mentioned 
pair of I/O Hnes to data input/output terminal 18, in response to the internal 
clock received from clock buffer 22. 

15 Control circuit 28 takes in a command control signal from control 

signal buffer 20 in response to the internal clock received from dock buffer 
22. Then, control circviit 28 controls row address decoder 30, column 
address decoder 32, and input/output buffer 26 based on the command 
control signal taken in. As a result, data DQO to DQi are written to and/or 

20 read from memory array 34. 

Row address decoder 30 selects a word line on memory array 34 
corresponding to address signals AO to An based on an instruction from 
control drcuit 28, and activates the selected word line by a word line driver 
(not shown). Column address decoder 32 selects a pair of bit lines on 

25 memory array 34 corresponding to address signals AO to An based on an 
instruction from control drcuit 28, and activates a corresponding column 
selection signal. 

With reference to Fig. 2, memory array 34 shown in Fig. 1 indudes a 
memory block 341 having a plurality of memory cells storing data arranged 
30 in rows and columns, a plurality of word Mnes WL 1 , WL2 . . . provided 

corresponding to the memory cell rows, a pluraHty of pairs of bit lines BLl 
and /BLl... provided corresponding to the memory cell columns, a sense 
ampUfier band 342 induding a plurality of sense amplifiers provided 
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corresponding to the respective pairs of bit lines, a connection gate band 343 
including a plurality of connection gate circuits provided between the pairs 
of bit lines and a pair of I/O lines and operating in accordance with column 
selection signals CSLl, CSL2... received from column address decoder 32, 
and an input/output control circuit 344 controlling operations of sense 
amplifier band 342 and connection gate band 343. Here, memory block 341 
is connected via the above-described plurahty of word lines WLl, WL2... to 
row address decoder 30. 

Referring again to Fig. 1, in data writing, when write data DQ is 
taken into input/output buffer 26, a selected word line is activated by row 
address decoder 30, and a column selection signal is activated by column 
address decoder 32. As will be described below, however, the activation of 
the column selection signal only is not enough to turn on the connection gate 
circuit. When a sense amplifier activation signal is activated by the 
input/output control circuit, the sense amplifier is activated, and the 
connection gate circuit is turned on. As a result, internal data IDQ is 
written from the pair of I/O lines via the connection gate circuit to a pair of 
selected bit fines. 

The sense amplifier brings voltage levels of a selected bit line and 
the complementary bit line to a power supply voltage Vdd and a ground 
voltage GND or to ground voltage GND and power supply voltage Vdd, 
respectively, depending on a logic level of internal data IDQ. As a result, 
internal data IDQ is written to a memory ceU on the memory block, that is 
connected to the word line activated by row address decoder 30 and to the 
pair of bit lines selected by column address decoder 32. 

In contrast, in data reading, a pair of bit lines are precharged to a 
voltage Vdd/2 prior to data reading. Then, a selected word line is activated 
by row address decoder 30. A column selection signal is activated by 
column address decoder 32. Similarly to the case of data writing, however, 
the activation of the column selection signal only is not enough to turn on 
the connection gate circuit. When a sense amplifier activation signal is 
activated by the input/output control circuit, the sense amplifier is activated, 
and the connection gate circuit is turned on. As a result, potentials on the 



pair of selected bit lines, amplified by the sense amplifier, are transmitted to 
the pair of I/O Hnes via the connection gate circuit. Then, internal data 
IDQ is read. 

Fig. 3 is a circuit diagram showing a sense amplifier and its 
periphery of the semiconductor memory device in accordance with the first 
embodiment. For ease of illustration, one sense amplifier and its 
peripheral circuit only are shown in Fig. 3. In reality, however, the same 
configuration is repeated in other portions. In the following, description 
will be only given about the portion illustrated in Fig. 3. 

With reference to Fig. 3, a connection gate circuit 54, an inverter 56, 
a P channel MOS transistor P2, and N channel MOS transistors N2, N16, 
and N18 are provided in a peripheral portion of a sense amplifier 52 
connected to a pair of bit Hnes BL and /BL. 

Sense amplifier 52 includes P channel MOS transistors P4, P6 and N 
channel MOS transistors N4, N6. P channel MOS transistor P4 is 
connected between a node NDP and bit line BL, and has its gate connected 
to bit line /BL. P channel MOS transistor P6 is connected between node 
NDP and bit line /BL, and has its gate connected to bit Hne BL. N channel 
MOS transistor N4 is connected between bit Hne BL and a node NDN, and 
has its gate connected to bit line /BL. N channel MOS transistor N6 is 
connected between bit line /BL and node NDN, and has its gate connected to 
bit Hne BL. 

P channel MOS transistor P2 is connected between a power supply 
node Vdd and node NDP, and has its gate receiving an output signal fi:om 
inverter 56. N channel MOS transistor N2 is connected between node NDN 
and a ground node GND, and has its gate receiving a sense amplifier 
activation signal SO. Inverter 56 outputs an inverted signal of sense 
amplifier activation signal SO. 

Sense amplifier 52 is controlled by sense amplifier activation signal 
SO output from the input/output control circuit (not shown). When sense 
amplifier activation signal SO is at an H Gogical high) level, sense amplifier 
52 is activated. When sense amplifier activation signal SO is at an L 
(logical low) level, sense ampUfier 52 is inactivated. Sense amplifier 52, 



when activated, amplifies a slight voltage difference between pair of bit lines 
BL and /BL. 

Connection gate circuit 54 includes N channel MOS transistors N8 
to N14, and nodes NDl and ND2. N channel MOS transistor N8 is 
connected between bit line BL and node NDl, and has its gate receiving 
sense amplifier activation signal SO. N channel MOS transistor NIO is 
connected between node NDl and a global lO line GIO, and has its gate 
receiving a column selection signal CSL. N channel MOS transistor N12 is 
connected between bit line /BL and node ND2, and has its gate receiving 
sense amplifier activation signal SO. N channel MOS transistor N14 is 
connected between node ND2 and a global 10 line /GIO, and has its gate 
receiving column selection signal CSL. 

Here, global lO line GIO and global lO line /GIO form a "pair of I/O 

hnes." 

Connection gate circuit 54 is controlled by sense amplifier activation 
signal SO and column selection signal CSL output from column address 
decoder 32 (not shown). N channel MOS transistors N8 and NlO having 
their gates receiving sense amplifier activation signal SO and column 
selection signal CSL, respectively, are connected in series between bit hne 
BL and global 10 line GIO. N channel MOS transistors N12 and N14 
having their gates receiving sense amplifier activation signal SO and column 
selection signal CSL, respectively, are connected in series between bit hne 
/BL and global 10 Une /GIO. Accordingly, when sense amplifier activation 
signal SO and column selection signal CSL are both at the H level, 
connection gate circuit 54 turns on and electrically connects pair of bit Lines 
BL and /BL to pair of global lO lines GIO and /GIO. 

N channel MOS transistors N16 and N18 are connected between the 
memory block (not shown) and pair of bit lines BL and /BL, respectively. N 
channel MOS transistors N16 and N18 have their gates both receiving a bit 
line connection signal BLI. When a voltage level of bit line connection 
signal BLI is ground voltage GND, N channel MOS transistors N16 and N18 
are turned off, and electrically isolate the memory block from pair of bit lines 
BL and /BL, 
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Fig. 4 is an operational waveform diagram representing a read 
operation of the circuit in Fig. 3. 

With reference to Fig. 4, word line WL is activated at time Tl. At 
time T2, slight changes in potential appear at bit lines BL and /BL in 
accordance with data stored in a memory ceU. At time T3, column selection 
signal CSL is activated. Connection gate circuit 54, however, is not turned 
on, since sense amplifier activation signal SO is at an inactive level. 
Accordingly, pair of bit hnes BL and /BL are electrically isolated from pair of 
global 10 lines GIO and /GIO. 

At time T4, sense amplifier activation signal SO is activated. Then, 
sense amplifier 52 is activated. Voltage levels of pair of bit lines BL and 
/BL are amplified in directions opposite to each other. At the same time, N 
channel MOS transistors N8 and N12 of selection gate circuit 54 are turned 
on. Then, connection gate circuit 54 is turned on. Pair of bit lines BL and 
/BL are electrically connected to pair of global lO lines GIO and /GIO. Data 
is then read on pair of global lO lines GIO and /GIO. 

A restore operation is performed at and after time T5. The storage 
data sufficiently amplified at time T5 is rewritten to the memory ceU. At 
time T6, word line WL, column selection signal CSL, and sense amplifier 
activation signal SO are inactivated. At time T7, the voltage levels of pair 
of bit lines BL and /BL are initialized by a bit line equalize drcxiit (not 
shown). 

Fig. 5 is an operational waveform diagram representing a write 
operation of the circuit in Pig. 3. 

With reference to Fig. 5, operational waveforms between time Tl 
and time T3 are the same as those in the read operation in Fig. 4. At time 
T4, sense amplifier activation signal SO is activated. Then, sense amplifier 
52 is activated. At the same time, N channel MOS transistors N8 and N 12 
of connection gate circuit 54 are turned on. Accordingly, connection gate 
circuit 54 is turned on. Pair of bit lines BL and /BL are then electrically 
connected to pair of global 10 lines GIO and /GIO. Then, data is written 
from pair of global 10 lines GIO and /GIO to pair of bit lines BL and /BL. 
The written data is amplified by sense amplifier 52. 



A restore operation is performed at and after time T5. Operational 
waveforms at and after time T5 are the same as those in the read operation 
in Fig. 4. 

As described above, since sense amphfier activation signal SO is 
taken into connection gate circuit 54, connection gate circuit 54 is not turned 
on before sense amplifier 52 is activated. In other words, pair of bit lines 
BL and /BL are not electrically connected to pair of global lO lines GIO and 
/GIO before sense amplifier 52 is activated. Therefore, the problem of 
coupling as described earher is eliminated. 

Before sense amplifier 52 is activated, data is previously written to 
pair of global lO lines GIO and /GIO having a large parasitic capacitance, 
and column selection signal CSL is activated. As a result, data writing 
firom pair of global lO lines GIO and /GIO to pair of bit Hnes BL and /BL can 
be initiated at the same time as the activation of sense amphfier 52. That 
is, the "Write before Sense operation" is realized. 

It is noted that the circuit shown in Fig. 3 can also operate similarly 
to a conventional common I/O type circuit. 

Fig. 6 is an operational waveform diagram in the case where the 
column selection signal is activated after activation of the sense amplifier in 
the write operation of the drcviit in Fig. 3. 

With reference to Fig. 6, word line WL is activated at time Tl. At 
time T2, slight changes in potential appear at bit lines BL and /BL in 
accordance with data stored in the memory cell. When sense amplifier 
activation signal SO is activated at time T3, sense amplifier 52 is activated. 
Then, the voltage levels of pair of bit lines BL and /BL are amplified in 
directions opposite to each other. 

When a voltage difference between pair of bit hnes BL and /BL is 
sufficiently amplified at time T4, column selection signal CSL is activated. 
Then, N channel MOS transistors NIO and N14 of connection gate circuit 54 
are turned on. Accordingly, connection gate circuit 54 is turned on and 
pair of bit hnes BL and /BL are electrically connected to pair of global lO 
lines GIO and /GIO. Then, data is written from pair of global ID lines GIO 
and /GIO to pair of bit lines BL and /BL. The written data is amplified by 
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sense amplifier 52. 

A restore operation is performed at and after time T5. Operational 
waveforms at and after time T5 are the same as those in the write operation 
in Fig. 5. 

In this semiconductor memory device 10, however, activation of 
column selection signal CSL at the same time as or prior to activation of 
sense amplifier activation signal SO does not cause the problem of coupling. 
Therefore, it is unnecessary to set a delay time between the activation of 
sense amplifier activation signal SO and the activation of column selection 
signal CSL, as shown in Fig. 6. Accordingly, a high-speed operation can be 
achieved as shown in Fig. 5. 

Fig. 7 is a circuit diagram showing the sense amplifier and its 
periphery in the case where the connection gate circuit in Fig. 3 has an 
equalize function. 

With reference to Fig. 7, the circuit includes a connection gate circuit 
54A, instead of connection gate circuit 54, in the circviit configuration shown 
in Fig. 3. Connection gate circuit 54A additionally includes an N channel 
MOB transistor N20 in the configuration of connection gate circuit 54. N 
channel MOS transistor N20 is connected between nodes NDl and ND2, and 
has its gate receiving an equalize signal EQ. 

When equalize signal EQ output firom the input/output control 
circuit (not shown) is at the H level, N channel MOS transistor N20 is 
turned on and causes nodes ND 1 and ND2 to attain the same potential. In 
other words. N channel MOS transistor N20 forms an "equalize circuit." 

Equalise signal EQ is activated in an equalize operation of pair of bit 
lines BL and /BL. Therefore, nodes ND 1 and ND2 of connection gate circuit 
54A are equalized at the same time as pair of bit fines BL and /BL are 
equalized. 

Provision of this equaMze circuit prevents nodes NDl and ND2 from 
being in an unstable state when pair of bit fines BL and /BL are electrically 
connected to pair of global lO fines GIO and /GIO. Accordingly, potentials 
of pair of bit fines BL and /BL are quickly transmitted to nodes NDl and 
ND2. As a result, high-speed data transmission between pair of bit lines 
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BL and /BL and pair of global 10 Hnes GIO and /GIO can be achieved. 

As described above, in the semiconductor memory device in 
accordance with the first embodiment, connection gate circuits 54 and 54A 
are not turned on unless column selection signal CSL and sense amplifier 
activation signal SO are both activated. Therefore, pair of bit lines BL and 
/BL are not connected to pair of global 10 lines GIO and /GIO prior to the 
activation of sense amplifier 52 . Accordingly, the semiconductor memory 
device in accordance with the first embodiment can achieve the common I/O 
type drcmt configuration without the problem of coupHng, and can thus 
realize the "Write before Sense operation." As a result, a semiconductor 
memory device with a small drcmt area realizing a high-speed operation 
can be achievied. 

Moreover, provision of the equalize circuit in connection gate circuit 
54A further improves the operating speed. 
Second Embodiment 

An overall configuration of a semiconductor memory device in 
accordance with a second embodiment is the same as that of the 
semiconductor memory device shown in Fig. 1. 

Fig. 8 is a circuit diagram showing a sense amplifier and its 
periphery of the semiconductor memory device in accordance with the 
second embodiment. As in the case of Fig. 3, one sense amplifier and its 
peripheral drcuit only are shown in Fig. 8 for ease of illustration. In reality, 
however, the same configviration is repeated in other portions. In the 
following, description wiU be only given about the portion illustrated in Fig. 
8. 

With reference to Fig. 8, the circuit includes a connection gate circuit 
54B, instead of connection gate drcuit 54, in the circuit configuration shown 
in Fig. 3. Connection gate circuit 54B indudes N channel MOS transistors 
N22 to N28, and nodes ND3, ND4. 

N channel MOS transistor N22 is connected between bit line BL and 
node ND3, and has its gate receiving column selection signal CSL. N 
channel MOS transistor N24 is connected between node ND3 and global 10 
line GIO, and has its gate receiving sense amplifier activation signal SO. N 
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channel MOS transistor N26 is connected between bit line /BL and node 
ND4, and has its gate receiving column selection signal CSL. N channel 
MOS transistor N28 is connected between node ND4 and global 10 line /GIO, 
and has its gate receiving sense amplifier activation signal SO. 

Connection gate circuit 54B is different from connection gate circuit 
54 of the first embodiment in that N channel MOS transistors N22 and N26 
respectively connected to pair of bit lines BL and /BL have their gates 
receiving column selection signal CSL, and that N channel MOS transistors 
N24 and N28 respectively connected to pair of global 10 lines GIO and /GIO 
receive sense amplifier activation signal SO. Connection gate circuit 54B, 
however, is the same in function as connection gate drcviit 54 of the first 
embodiment. 

Fig. 9 is a circuit diagram showing the sense amplifier and its 
periphery in the case where the connection gate circxxit in Fig. 8 has a 
equalize function. 

With reference to Fig. 9, the circuit includes a connection gate circuit 
54C, instead of connection gate circmt 54B, in the circuit configuration 
shown in Fig. 8. Connection gate circuit 54C additionally includes an N 
channel MOS transistor N30 in the coirfiguration of connection gate circuit 
54B in Fig. 8. N channel MOS transistor N30 is connected between nodes 
ND3 and ND4, and has its gate receiving equalize signal EQ. 

When equalize signal EQ output from the input/output control 
circuit (not shown) is at the H level, N channel MOS transistor N30 is 
turned on, and causes nodes ND3 and ND4 to attain the same potential. In 
other words, N channel MOS transistor N30 forms an "equalize circuit." A 
fimction of this equalize circuit is the same as the equalize function of N 
channel MOS transistor N20 described in the first embodiment. 

As in the circuits shown in Figs. 8 and 9, by placing the transistor 
having its gate receiving sense amplifier activation signal SO on the pair of 
global 10 lines GIO and /GIO side, the relevant transistor can be shared by a 
plurality of connection gate circuits sharing pair of global 10 lines GIO and 
/GIO. 

Fig. 10 is a circuit diagram showing a sense amplifier and its 
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periphery in the case where a transistor having its gate receiving sense 
amplifier activation signal SO is shared by a pluraHty of connection gate 
circuits. 

With reference to Fig. 10, a circviit 70.1 is a circuit corresponding to 
column selection signal CSLl. A circuit configuration thereof is the same 
as that shown in Fig. 8. A circuit 70 .n is a circuit corresponding to a 
column selection signal CSLn. Circuit 70.n includes a connection gate 
circuit 54B.n, instead of connection gate circuit 54B, in the circuit 
configuration shown in Fig. 8. 

Connection gate circuit 54B.n includes N channel MOS transistors 
N22n and N26n. N channel MOS transistor N22n is connected between bit 
hne BL and node ND3, and has its gate receiving column selection signal 
CSLn. N channel MOS transistor N26n is connected between bit line /BL 
and node ND4, and has its gate receiving column selection signal CSLl. 

Connection gate circuits 54B and 54B.n share N channel MOS 
transistors N24 and N28 included in connection gate circuit 54B. Circmts 
70. 1 and 70.n share pair of global 10 Hnes GIO and /GIO. However, column 
selection signals CSLl and CSLn are not activated at the same time. Thus, 
a pair of bit Hnes BLl and /BLl are not connected to pair of common global 
10 lines GIO and /GIO at the same time as a pair of bit lines BLn and /BLn 
are connected to pair of common global lO lines GIO and /GIO. As such, by 
sharing the transistors having their gates receiving sense amplifier 
activation signal SO among circuits 70.1 and 70 .n, the number of elements 
can be decreased, and additionaUy, a drcuit area can further be reduced. 

In the above description, P channel MOS transistor P2 and N 
channel MOS transistor N2 activating sense amplifier 52, and a P channel 
MOS transistor P2n and an N channel MOS transistor N2n activating a 
sense amplifier 52. n are provided for sense amplifiers 52 and 52. n, 
respectively. Alternatively, a set of P channel MOS transistor P2 and N 
channel MOS transistor N2, for example, may be shared by sense amplifiers 
52 and 52 .n. 

Fig. 11 is a plan view schematically illustrating a two-dimensional 
configuration of the circuit shown in Fig. 10. 
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With reference to Figs. 11 and 10, an SA driver band 102 is a region 
where P channel MOS transistors P2 and P2n are provided. A cross couple 
band 104 is a region where P channel MOS transistors P4, P4n, P6, and P6n 
are provided. A cross couple band 106 is a region where N channel MOS 
transistors N4, N4n, N6, and N6n are provided. 

SA driver bands 108 and 110 are regions where N channel MOS 
transistors N2 and N2n are provided. Y gate bands 112 to 118 are regions 
where N channel MOS transistors N22, N22n, N26, and N26n having their 
gates receiving column selection signal CSLl or CSLn are provided. A Y 
gate band 120 is a region where N channel MOS transistors N24 and N28 
having their gates receiving sense amplifier activation signal SO are 
provided. 

In general, an N channel MOS transistor is smaller in area than a P 
channel MOS transistor. Therefore, an area occupied by SA driver bands 
108 and 110 where N channel MOS transistors are provided is smaller than 
an area occupied by SA driver band 102 where P channel MOS transistors 
are provided. Accordingly, a free space is formed between SA driver bands 
108 and 110. 

In contrast, in the circuit shown in Fig. 10, N channel MOS 
transistors N24 and N28 receiving sense amplifier activation signal SO are 
shared by a plurality of connection gate circuits 54B and 54B,n. Therefore, 
an area occupied by Y gate band 120 is small. Y gate band 120 has 
conventionally been provided opposite to SA driver bands 108 and 110 with 
respect to Y gate bands 1 12 to 1 18. In the present invention, however, Y 
gate band 120 is provided at the above-mentioned free space. As a result, 
the circuit area can be reduced. 

In the circuit shown in Fig. 10 as weU, the connection gate circuit can 
have an equalize function. In this case, an equalize circuit causing nodes 
ND3 and ND4 to attain the same potential can also be shared by the 
plurahty of connection gate circuits. This is because the transistors having 
their gates receiving sense amplifier activation signal SO are shared by the 
plurality of connection gate circuits and nodes ND3 and ND4 are shared by 
the plurality of connection gate circmts. 
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As described above, the semiconductor memory device in accordance 
with the second embodiment can produce the effect similar to that of the 
first embodiment. 

In addition, connection gate circuits 54B and 54B.n connected to pair 
of common global 10 lines GIO and /GIO can share N channel MOS 
transistors N24 and N28 having their gates receiving sense amplifier 
activation signal SO. In this case, the circuit area can further be reduced. 

Third Embodiment 

An overall configuration of a semiconductor memory device in 
accordance with a third embodiment is the same as that of the 
semiconductor memory device shown in Fig. 1. 

Fig. 12 is a circuit diagram showing a sense ampHfier and its 
periphery of the semiconductor memory device in accordance with the third 
embodiment. Similarly to Fig. 3, for ease of illustration, one sense 
amplifier and its peripheral circuit only are shown in Fig. 12. In reality, 
however, the same configuration is repeated in other portions. In the 
following, description will be only given about the portion illustrated in Fig. 
12. 

With reference to Fig. 12, the circuit additionally includes an AND 
gate 58, and also includes a connection gate circuit 54D instead of 
connection gate drcmt 54 in the circuit configuration shown in Fig. 3. 
Sense amplifier activation signal SO and column selection signal CSL are 
logically AND'd by AND gate 58. AND gate 58 outputs a result of the 
logical operation to connection gate circuit 54D. Here, AND gate 58 forms a 
"logic gate circuit." 

Connection gate circuit 54D includes N channel MOS transistors 
N32 and N34. N channel MOS transistor N32 is connected between bit fine 
BL and global 10 hne GIO, and has its gate receiving an output signal CSLS 
from AND gate 58. N channel MOS transistor N34 is connected between 
bit line /BL and global lO hne /GIO, and has its gate receiving output signal 
CSLS from AND gate 58. 

When output signal CSLS from AND gate 58 is at the H level, that is, 
when sense amplifier activation signal SO and column selection signal CSL 
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are both at the H level, connection gate circuit 54D electrically connects pair 
of bit lines BL and /BL to pair of global lO lines GIO and /GIO. As a result, 
this circuit also realizes a function similar to that achieved by the circuit 
shown in Fig. 3. 

Controlling the operation of connection gate circviit 54D by output 
signal CSLS from AND gate 58 makes it possible to reduce the circuit area 
compared to the area of the circuit shown in Fig. 3 or 8 in accordance with 
the first or second embodiment. That is, the number of elements in a 
memory array configured of the circuit shown in Fig. 12 can be smaller than 
that of elements in a memory array configured of the circuit shown in Fig. 3 
or 8 by twice the number of sense amplifiers. Addition of AND gate 58 
increases the number of elements by only tmce the number of memory block 
stage. Therefore, the number of elements as a whole can be reduced, and 
thus, the circuit area can be decreased. 

Fig. 13 is a circuit diagram in the case where the connection gate 
drcuit in Fig 12 has a write mask function. 

With reference to Fig. 13, the circuit includes a connection gate 
circuit 54E iiistead of connection gate circuit 54D in the circuit configuration 
shown in Fig. 12. Connection gate circuit 54E additionally includes N 
channel MOS transistors N36 and N38, and nodes ND5 and ND6 in the 
configuration of connection gate circuit 54D. 

N channel MOS transistors N32 and N34 are connected to nodes 
ND5 and ND6, respectively. N channel MOS transistor N36 is connected 
between node ND5 and global lO Une GIO, and has its gate receiving a write 
mask signal WM. N channel MOS transistor N38 is connected between 
node ND6 and global 10 line /GIO, and has its gate receiving write mask 
signal WM. 

Connection gate circuit 54E is controlled by sense amplifier 
activation signal SO, column selection signal CSL, and write mask signal 
WM output from the input/output control circviit (not shown). That is, 
when write mask signal WM is at the H level, N channel MOS transistors 
N36 and N38 are turned on, and the circuit in Fig. 13 operates similarly to 
the circuit in Fig. 12. In contrast, when write mask signal WM is at the L 
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level, N channel MOS transistors N36 and N38 are turned off. Connection 
gate circuit 54E electrically isolates pair of bit lines BL and /BL from pair of 
global lO lines GIO and /GIO. As a result, write data is masked. 

Fig. 14 is a plan view schematically showing a two-dimensional 
configuration of memory array 34 in which the circuit in Fig. 13 is provided. 

With reference to Fig. 14, memory array 34 indudes array portions 
152 and 154, an array control portion 156, and data path portions 158 and 
160. Memory ceUs and sense amplifier 52 are provided in array portions 
152 and 154. Drivers respectively activating a word line activation signal, 
bit Hne connection signal BLI, sense amplifier activation signal SO, column 
selection signal CSL and equahze signal EQ, and AND gate 58 shown in Fig. 
13 are provided for array conteol portion 156. A preamplifier, a write/read 
driver and the Hke driving pair of global 10 lines GIO and /GIO are provided 
at data path portions 158 and 160. 

With provision of AND gate 58 at array control portion 156 as 
described above, connection gate circviit 54E included in the array portion is 
configured of transistors connected in series only. As a result, a layout 
ef&ciency can be improved. 

In the above description, AND gate 58 is provided at array control 
portion 156. AND gate 58, however, may be provided at, e.g., a shunt 
portion or the Hke. Here, the shunt portion is a portion in a memory cell 
array included in an array portion, where gate interconnection lines of high 
resistance are connected to a metal interconnection line of low resistance via 
contacts at regular intervals therebetween, for the purpose of decreasing the 
high resistance values of the gate interconnection lines. 

Fig. 15 is a circuit diagram showing a sense amplifier and its 
periphery in the case where the connection gate circxiit shown in Fig. 13 has 
an equalize function. 

With reference to Fig. 15, the circuit includes a connection gate 
circuit 54F instead of connection gate circuit 54E in the circmt configuration 
shown in Fig. 13. Connection gate circuit 54F additionally includes an N 
channel MOS transistor N40 in the configuration of connection gate circuit 
54E shown in Fig. 13. N channel MOS transistor N40 is connected between 
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nodes ND5 and ND6, and has its gate receiving equalize signal EQ. 

When equalize signal EQ output from the input/output control 
circuit (not shown) is at the H level, N channel MOS transistor N40 is 
turned on, and causes nodes ND5 and ND6 to attain the same potential. 
5 That is, N channel MOS transistor N40 forms an "equalize circuit." A 
function of this equalize circuit is the same as the equalize function of N 
diannel MOS transistor N20 described in the first embodiment. 

As described above, the semiconductor memory device in accordance 
with the third embodiment can produce the effect similar to that of the first 

10 embodiment. 

In addition, output signal CSLS from AND gate 58 receiving sense 
amplifier activation signal SO and column selection signal CSL as its input 
signals is utUized in the connection gate cfrcuit. Therefore, the number of 
elements in the overall circuit can be reduced. Furthermore, a layout 

15 efficiency of the circuit can be improved. As a result, the circmt area can be 
decreased. 

Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and scope 
20 of the present invention being limited only by the terms of the appended 
claims. 
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